SUMMARY Short time course potassium dynamics in brain were investigated in the cat. M K (T w = 7.6m) was prepared on the BNL 60" cyclotron by the ^A^p, Sn^K reaction. Positron decay in brain was measured by the limited angle of view positron camera (LAPC). Radioactivity corrected for physical decay following intravenous bolus injection of M K showed an initial peak followed by a washout phase with a subsequent monotonic increase. The slope of the washout phase was linearly related to PaCO 2 and the subsequent monotonic increase paralleled the arterial concentration of the tracer. No significant changes in M K radioactivity were determined following coma producing levels of phenobarbital or seizure producing doses of potassium penicillin as compared to control. Stroke Vol 15. No 1, 1984 POTASSIUM possesses well known properties associated with membrane function residing as a largely intracellular cation.
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1 ' 2 Specific actions associated with membrane potentials are well established in physiology. 3 - 4 Hypothesized slower membrane events as with glia remain only partially known." The turnover of potassium-42 in brain has been discussed by Bradbury and others, and has been found to have a resident halflife of 20 to 35 hours. 8 " 10 In the present study, we have examined the short term distribution of ionic potassium in brain using the cat as the animal model. The study was carried out with 38 K, (a positron emitting radionuclide having a half-life of 7.6 min) and a limited angle of view planar positron camera (LAPC). The short half-life permits serial studies to be performed, and thereby permits a single animal to serve as its own control. The LAPC represents a research tool for definition of parameters for tracer kinetic studies of potential radiopharmaceuticals to be used in combination with positron emission tomography.
Methods

A. Radiotracer Preparation
The parameters for the cyclotron production of 38 K were established using the ^A^p, 3n) 38 K nuclear reaction." The 38 K was withdrawn and purified of 38 C1, produced by the ^ArCp, 2pn) 38 Cl nuclear reaction, by rapid passage of the solution through an ion-exchange resin (Dowex 1-X8,50-100 mesh), through a millipore filter and into a syringe for injection. The M K obtained had a radionuclidic purity of 99.9%. The ^K produced by the method was essentially carrier free. 
B. Animal Preparation
Adult cats weighing between 2.5 and 4.0 kgm were used in these experiments. Anesthetic induction was carried out with ketamine at 15-20 mgm/kgm body weight. Anesthesia was maintained with 0.5 to 1.2% enfiurane following intubation. Pancuronium was used as muscle relaxant. Intravenous and arterial cutdowns were placed. The animals were mechanically ventilated. Hypocapnea was achieved by hyperventilation and hypercapnea by the addition of CO, to the inspired gas mixture. Temperature was maintained between 36.0 and 37.5° C by a heating pad. Arterial blood pressure was monitored by a polygraph recorder and periodic arterial blood gas samples were obtained. EEG was recorded by means of electrodes implanted in the cranium in order to reduce artifact.
Studies were carried out in a total of 12 animals. One of these animals also underwent thoracotomy for injection of the tracer into the aortic root. The experimental protocol is described. Following preparation the animal was placed with rigid head fixation by means of a stereotactic frame such that the orbitomeatal plane of the cat's head coincided with the central plane of the LAPC. The animal's body was shielded with lead sheeting such that only radioactivity from the head and proximal neck were recorded by the LAPC. A 3 mL syringe containing 260 /nCi of 38 K + in 2.5 mL of water for injection was assayed with a Capintec-CRC-4 radioisotope calibrator at which time the computer and clock were simultaneously started at (T = 0). The syringe was positioned immediately over the cat's head in the focal plane of the LAPC and data was collected for 60 sec. The syringe was removed from the field of view at T = 90 sec, and then the radioactivity was injected intravenously as a bolus. The dynamics of M K + in the brain was typically followed until T = 40 min. An intravenous shunt was inserted and a portion of this was placed in a well of a Nal(TI) detector. A single channel analyzer was used to restrict detected events to the 1.1 MeV sum-peak. 12 Background from activity external to the detector was reduced by shielding to less than 10%.
C. Limited Angle of View Positron Camera (LAPC)
The LAPC consists of two parallel large fields of view scintillation cameras (Searle) 13 separated by 108 cm and operated in the coincidence mode. The device was interfaced to a dedicated computer system consisting of a PDP 11/34 processor with 60K words of core memory, a track tape unit, a 10 Mbyte disk, a printer terminal, and display unit. Data were gathered in list mode on magnetic tape. Simultaneously, the spatial distribution was integrated in a 64 x 64 matrix with 5 mm pixel size. The resolution of the LAPC was 9 ± 1 mm. Lateral resolution of the camera is approximately 8 mm FWHM, axial resolution was approximately 2 mm FWHM. Typical regions of interest included the two cerebral hemisphere and a peripheral region containing a standardized sample of the radiotracer, 38 K. Figure 1 illustrates the experimental arrangement (with the body shield removed) to show the orientation of the LAPC and the cat; a typical defocused image of the cat's brain; and the gross anatomical detail of the focal plane of the brain viewed by the LAPC. The animal's head was sectioned while positioned at the LAPC. AH data were corrected for physical half-life before calculation of physiological events.
Results
The partition coefficient of 38 K in n-octanol/waterphosphate buffer at pH = 7 was 0.07. In an animal sacrificed 15 min following intravenous bolus administration of the tracer, the total brain uptake was 3.25% of the injected dose. The percent uptake of tracer per gram of white matter was 0.12%, and 0.13% for gray matter.
Proximal aortic bolus injection of 70 //.Ci of 38 K resulted in the rapid wash in of radioactivity over 5-10 seconds which was followed by a washout phase during the first 1.5 minutes as shown in figure 2 . The initial oscillations of the detected count rate were presumed due to counting statistics. Alterations of PaCO 2 were carried out in 5 animals undergoing intravenous bolus administration of 38 K. Figure 3 illustrates the 30 min time course of M K activity as recorded by the LAPC for total brain in a representative animal from this series of studies. The radioactivity showed an initial peak which was followed by FIGURE a washout phase for the first 7 to 12 min following the maximum accumulation of 38 K activity. A trough was then reached which was followed by an increase in brain radioactivity. The data were then analyzed by assuming two separate components. The first was the decremental portion of the radioactivity curve and the second the subsequent incremental portion. Both the duration of the trough and the rate of increase of the second component varied with the PaC0 2 but not in a consistent manner. The second component increase occurred with a similar time course as the arterial concentration of radioactivity as noted in figure 4 . Therefore, we assumed no contribution of the second component in the initial washin and washout phases. A comparison of the slope (S) of the first component of the radioactivity curve to the PaCO 2 yielded a linear relationship depicted in figure 5 and described by: S = -( 1 9 . 6 ± 0.5)(PaCO 2 ) + 18.5 ± 0.5 Figure 4 shows the time course of arterial radioactivity following intravenous bolus injection of ^K. The clearance of ^K from blood (as expressed by % dose/ ml whole blood) cleared the circulation during the first 10 minutes. Following the initial phase, the arterial concentration began to increase as shown in figure 3 . Attempt was made to alter the metabolic activity of brain by the administration of coma producing levels of phenobarbital and seizure producing doses of penicillin. Three animals were intravenously administered 50 to 100 mgm of phenobarbital per kgm body weight which has been shown to decrease cerebral metabolic activity.
Stereotatic orientation of the cat in the LAPC with the body shielding removed (top). LAPC image of 38 K radioactivity in the head and neck region (lower left). The region of interest of whole brain was determined by geometric considerations and gross anatomy (lower right) of the cat head as sectioned in the focal plane of the LAPC.
DYNAMICS
l3 -' 4 This was carried out in order to determine whether cerebral metabolic decrease effected the dynamics of 38 K in brain. The PaCO 2 was maintained at 35 ± 3 throughout the study. EEG demonstrated marked slowing.
38
K was injected intravenously as a bolus prior to the administration of phenobarbital to establish control conditions and then again after the animal was stabilized following the drug administration. No significant alterations in the uptake or time course of the first component of -^K occurred. Potassium penicillin (5 x 10 5 to 1 x 10* units/kgm) was administered to 3 animals for the consideration of changes in 38 K dynamics in potentially increased cerebral metabolic rate. 15 - 16 The EEG showed marked epileptiform activity. However, no reproducible alterations in the 38 K dynamics were observed.
Discussion
Potassium distribution has been studied primarily with 42 K by Bradbury, Katzman, and others. -" These studies indicated a slow turnover rate of 0.3% per h of brain potassium with half-life measurements varying between 20 and 36 h Potassium uptake into brain has been shown by these investigations to be primarily through brain capillaries rather than with the choroid plexus as previously thought. However, the short term dynamics of ionic potassium in whole brain have not been previously reported.
The very low lipid solubility as indicated by the noctanol/water partition coefficient; of M K is expected with such a cation. Therefore, M K + is a diffusion limited tracer in brain. The intravenous bolus injection of M K in the present studies shows a high rate of early uptake followed by washout which directly correlates with PaCO 2 . These characteristics suggest that the first component of the radioactivity curve reflects cerebral blood flow. However, it is not apparent if there is more than one mechanism of potassium transport across the blood brain barrier. The administration of drugs known to alter cerebral metabolism, i.e., coma producing levels of phenobarbital and seizure producing levels of penicillin, were found to have no significant effect in the activity curve of X K in whole brain. These results of potassium dynamics in whole brain are perhaps not unexpected. The relationship of uptake and turnover of carrier-free K + , and the kinetics of K + transport across the blood brain barrier during seizure or coma could not be established with our methodology. It seems unlikely that 38 K + can participate as K + / Na + ATPase, since the turnover rate of brain potassium has been shown to vary from 20-30 hours. The LAPC measures the dynamics in total brain, and the local changes induced at local sites of drug-induced seizure or metabolism are averaged into the observed results. Whether the absence of the fact that no changes were observed may be due to the relative insensitivity of the LAPC (which measures whole brain activity presented as an averaged dilution of carrier free 38 K in the large brain potassium pool) or to the particular characteristics of 38 K + flow, transport and metabolism could not be determined from the present study. However, the LAPC technique is useful for biomedical investigations in preamble to quantitative dynamic studies with a positron emission tomograph, such as the PETT VI.
